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ABSTRACT o c
2 29

The Shadow Constraint Program computes the positions and times of a space vehiclefs

entry into, and exit from, the shadow cones caused by interfering bodies (earth,- MOOR; - s

and planets) coming between the vehicle and the sun. The program is designed specifi-
cally for Centaur to determine if the time in the shadow for a particular lunar trajectory

violates a constraint caused by the vehicle's design.

The program is divided into two subroutines: SHADI and SHAD2. SHADL1 is used with = =~
a numerical trajectory computing program and is incorporated in the GD/C N-Body

Space Program. SHAD?2 is used with an analytical {two-body) trajectory program and _ .

is used in the Lunar Targeting Program II. : B

The Shadow Constraint Program is written in FORTRAN for the IBM 7090/7094 com- -

puters. It was developed and coded by the Systems Technology group, 591-0, to speu- T

fications set by the Aeroballistics section of the Centaur project.
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SECTION 1

INTRODUCTION

The Shadow Constraint Program computes the trajectory's intersection with the shadow
cone (umbra) as shown in Figure i1-1. The program is divided into two voutines; onc
computes the shadow intersection with an analytical (two-body) trajectory, the other

with an integrated (n-bodyv) trajectory.

iUmbra:

. Penwiibra

Figure 1-1. The Shadow Cone e

With the n-body program the trajectorv is computed by taking integration time steps.
The shadow computation is simplified with this program by deeiding {at each time pointy

whether the vehicle is in or out of the cone of darkness and interpolating for the shadow

edge when the decision has been made that the vehicle has crossed the houndary from

daylight to darkness or vice versa.

The high-order hyperosculatory interpolation formulas arce used to find the edge of the

shadow between the two integrated positions. Computation of the eniry and exit points

to the shadow is more difficult when computed from an analytical (two-body) trajectory.

In this case, it is necessary to compute the intersection of the trajectory plane and the
shadow cone. This is done hy first projecting the sun-to-central body vector éalo the -
trajectory plane and then computing the chord of the circle that is formed by slicing the
cone at the vehicle's position vector. This gives an excellent approximation of the entry

and exit points to the shadow. A relinement is then made through iteration to !
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SECTION 2

SHADOW COMPUTATIONS .

This section presents the cguations used to compute the trajectory's intersection with
the shadow. Scetion 2.1 expluins the shadow computation with the integrated (n-body)

trajectory (SHADI). Section 2.2 explains the computation with an analvtically com-

puted (two-body) trajectory (SHAD2). i

2.1 SHADOW COMPUTATION WITH INTEGRATED TRAJECTORY. The shadow com-

putation with the n-body program consists of comparing the radius of the shadow cone
with the vehicle's distance from the center of the cone to determine whether the vehicle

is in or out of the shadow. This is done at each integration step along the trajectory,

The radius of the shadow cone, B (Figure 2-1), is first computed as follows.

———— e I( R
I - ———
(i B R
- B S ) ‘
R (JS B et
e T T T CENTRAL "
BODY

Figure 2-1. Comparison of Shadow Cone with Vehicle Distance

B < R, - (R-1R_) tan ;i
g 7 ¢ s tn @
where f
R = position of vehicle relative to central body 4
ﬁCS = position of central body relative to the sun -
R = radius of central body at edge of shadow B




‘ where

RSUN radius of sun

RCB = radius of central body

NOTE: When the central body (Cp) is the earth (Figure 2-2), Rg

is’computed from the equation for an oblate spheroic_i as follows:

. 2 2 2
RS = ab/y/ a + @ -b)sing

T
where
} a = semimajor axis of the earth, and
: b = the semiminor axis of the earth.

|

— ~¢'1'

EARTH'S EQUATOR

Figure 2-2. Radius of Earth Shadow Cone

-1 /- /- 2 - 2
~ tan IN@G)/  IN@Q) + 1IN

2
: T
where .
R xR
- - Ccs
1N = ]RCS X f ——————— ’
[R X RCSI

where 1IN is expressed in earth equatorial coordinates.

The vehicle's distance from the center of the shadow cone, RC’ (Figure 2-3), is com~

puted as follows.

I

R, = {R\lRCS
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Figure 2-3.  Vehicle Distance From Center of Shadow Cone

‘ At cach integrution step, Bis compared with R . When l{(_ - B, the vehicle is in the
L.
shadow, provided it is not on the dalight side of the body ; iLe., R - R o O (Figure
. ; CS :

2-4). - A
A
N R =
2
° A
B |
’ > |
- |
IR . |
5 }
- ]

Figure 2-4. Comparison of B with R(“

When the boundary between daylight and darkness is crossed (determined by RC - B
changing sign), an iteration solving for the R(,‘ - B = 0 condition is used to compute
the exact houndary. (Sec 1’1'i;g1‘am Subroutines, subroutine INTRP.) The vehicle's
position is computed between the two integration points using the two-point hyperoscu-

= latory interpolation formulas.

2.2 SHADOW COMPUTATION WITH TWOU-BODY TKAJEKCTORY. The method used

for shadow cmuputatio'n with a two-body trajectory is first to compute a good approxi-

mation of the intersection of the trajectory and the shadow cone and then {o zel

~ Q(;m;mted intersection through iteration,



shadow cone at its closest point, R

The intersection of the trajectory plane (Figure 2-5) and the plane perpendicular to the
trajectory through the center 6f the shadow cone is obtained as follows.

h . ﬁ ¥ \f
INJ INJ

IR . -h
- C
1C = 5

IR ~xh
1 ~ 1h < 1C

RST h C
where

EI\*J = position vector at injection into orbit
—’IN'J = velocity vector at injection into orbit
iRST = intersection of trajectory plane and the plane pérpendicular to the

trajectory through the center of the shadow cone.

The orbital elements of the conic are computed on the basis of the position and velocity

at injection i bit, R____, V.. .
mjection into orbit INJ INJ

The vehicle's position and velocity at the intersection of the trajectory plane and the

plane perpendicular to the trajectory through the center of the shadow (§ST’ Y ‘T) are

S
computed with the Two-Body Program (Reference 2), A true anomaly option.

NOTE: ﬁ'%T is the vehicle's closest approach to the center of the

[

shadow cone.
The A true anomaly, A8 (Figure 2-6), is formed simply by computing the angle be-
tween 1R___and IR__.
cen INg 1Nn¢ RST

The radius of the shadow cone, B, and the vehicle's distance from the center of the

are formed as follows:

x?

3 - -R__ -1
I R (RST RCS) tan o
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TRATECTORY
PI.ANE

‘ Figure 2-5. Interscetion of Trajectory Plane

\SLICE OF

SHADOW CONE




where
RS = radius of central body at edge of shadow
ﬁST = the position of thc:, vehicle's closest approach to the center of the

shadow cone

’

When RC > B, the vehicle does not pass through the shadow cone. When RC < B, the
shadow entry and exit points are approximated by computing the chord of the circle

tormed by slicing the shadow cone at RQT (Figure 2-7). Computations are as follows.

-1 .
D = B sin {cos (RC:’B) |
where

D = one¢ halt the chord of the circle

i ]

.
[}

B

Figuve 2-7. Chord of Circle by Slicing Shadow Cone

The approximation of the entry and exit positions is completed by computing the angles
,81 and /32 between RQT and the edge of the shadow as defined by D (Figure 2-8). An
adjustment is also made to compensate for the error in the model caused by the flight

path angle at RST'

Bl and 8 are computed as follows.
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. where '

AD EI) - D cos }’S and takes the sign of VS

Figure 2-5%. Approximation of Entry and Exit Positions

The tinal computation of the shadow entry -and exit points is made by adjusting 31 ared

B, through an iteration until the exact intersection is found. 8 is computed as follows,

a. Compute R_, V _, and 1 at 8degrecs from R,
r T ST
NOTE: 3is initialized as either ﬁl or B,.
L.  Compute radius of shadow coue B and the vehicle's distance at RT from the center

of the shadow cone. R

B =R, - R

- 1R_) tan
i\ cg) tan o

Ro = |Rp % 1R ]

i ¢.  Compute distance from ﬁ'l‘ tu edge of shadow, MS.

1"" | M_ = B-R

S C




. d. Compute corrected 8.

ABM)
AB =
Re-Re
n-1
8 = B+ OB
Re = Rg

Compufations a through d are repeated until MS goes to zero.

2-8




GD|C-BTD65-041

. SECTION 3

INPUT/OUTPUT

The Lunar Tuargeting Program 11 and the N-Body Space Program have been modificd
to compute a space vehicle's entry into, and exit from, the shadow cones caused by
interfering bodies coming between the vehicle and the sun.  The use of these programs

with the shadow option requires no additional mput to either program.

Input to the Lunar Targeting Program Il and the N-Body Space Program is explained

in detail in References 1 and 3.

Examples of shadow output follow. Pages 3-2 and 38-3, output from the N-Body Pro-

gram, show eatry into, and exit from, the earth's shadow while in an eccentric earth

orbit. Pages 3-4 and 3-5, output trom the Lunar Targeting Program I, show shadow

entry and exit during the geocentric phase of the trajectory.

. :
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SECTION 4

PROGRAM SUBROUTINES

Section 4 describes the subroutines of the Shadow Constraint Program.

T I mmypmm{



\ o AIMP Subroutine - Figure 4-1 -

PURPOSE

AIMP subroutine computes two-body orbits with delta true anomaly (A8) as the inde-

pendent variable.

COMPUTATIONAL SEQUENCE - See Two-Body Program, Reference 2.

INPUT

| KORB

t

Orbit classification flag
DELTV - Delta true anomaly
ROVEC) - Input position vector
VOVEC - Input velocity vector
; GM - Mass of body times gravitational constant
AMAJR - Semimajor axis
‘ ECCN2 - Eccentricity squared

PLATR - Semilatus rectum
OuTPUT

RIVEC - Output po¢ition vector
VIVEC - Output velocity vector

NREVS -~ Number of revolutions in orbit
IMPCT

Error out flag

TIMEI - Time in orbit from I—{O to EI'

SUBROUTINES USED

CPDELV, RVRDV, RIDEV, RCOMP, FGDEV, TRPAR, RIVI, TRELH
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RVRDV \

COMPUTE COMEUTES
/ ;, I'” o ¥ I‘ \:"j
£ S ANE B
SET
SREVS 4

RIDEV

COMPUT
e COBA - uny,
SETIMPCT - b

S TION
iMPCT 8

COMPT RS NEARTY]
BV HARCLIC ORBITS
TO CHOSSOVER

BOUNDARY
OUTPUTS

¢
¢

UMPUTE
# T A

ONLY.
it NO
SETS

B
TRETH

COMPUTES 11 IVTIC

ANDHY RERBCLIC

CHRBITS, OUTETTS ¢
FlE NG SOLYTHN SETS
l IMPET

—_— A
( RUOMP

J sETS INDL-
CATOR (INDj
FOR ORBIT

COMPUTATION

TRUE
ANUMALY
GREATER
THAN 7

{IN NEAR. FAR.
OR HY P,
OHBIT

SET
IMPCT

Figure 4-1. AIMP Subroutine




. AZGAM Subroutine - Figure 4-2
PURPOSE

AZGAM subroutine computes flight path angle and azimuth for a given unit position

and unit velocity.

COMPUTATIONAL SEQUENCE

a. Compute flight path angle
N -
vy = sin (1R - 1V)

b. Compute azimuth

E = 1Z < 1R
1v = 1R x 1E
Tfp = (IV - 1E) 1E + (1V * 1V) 1V
cos (AZ) = ivp 1E
(] sin (AZ) = |1V, x 1E|
INPUT
ONER - Unit position vector )
ONEV - Unit velocity vector
OUTPUT
AZMUTH - Azimuth
GAMMA - Flight path angle

SUBROUTINES USED - None
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T .
(EI\'TER AZGAaM

~.

o
SN ——— S

| 1
-1 -— — T A -
3 < SIN (1R -1V} — 1Z- (0,0, h
L —_
U G U S P—— "
1
i VE = 1V 1R - E iZ>» IR
1 V- 1V 1T 1t - IR “1E
v
: . Vp-VE*IE - vU*1U *  COS (AZ) - IVp-1E
N [
| ;
|
: S B 15 L P . et
, SIN (AZ) = {IVp % 1E SGN = 1V p- 1L
A4
SIN (AZ) = SIGNF (SIN(AZ), SUN) AZ = ANGLE (SIN (AZ), COS (AZ)

- s Figure 4-2. AZGAM Subroutine -




DELG Subroutine - Figure 4-3
PURPOSE

DE LG subroutine computes the total acceleration due to gravity and its time

derivative (oblate model).

COMPUTATIONAL SEQUENCE

a. Compute acceleration due to gravity
- . -GM - -

G = —— [(I-Q) R- AP (1w )

R3 ei

b. Compute time derivative of acceleration due to gravity

*  GM - 3R‘V)RG) =- . -
G = — [(Q -1) V- ——— + RQ + AP(lw )
R

INPUT

R - DPosition vector

\Y% - Velocity vector

GM - Mass of central body times gravitational constant

WEI - Body's rotational rate

C2 - Oblate constant

C3 . Not used

C4 - Not used

RO - Position - Injection into orbit

OUTPUT

G - Acceleration due to gravity

GD - Time derivative of acceleration due to gravity

SUBROUTINES USED - None

1-6
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: . EGEN Subroutine - Figure 4-4
PURPOSE

EGEN subroutine computes the ephemeris of a specified planet; Mercury through

Saturn, plus the moon.

COMPUTATIONAL SEQUENCE

a. Compute the orbital elements of the body whose orbit is being computed.
b. Compute the position and velocity of the specified body as a function of time.

¢. - Make necessary coordinate transformations and unit conversions to obtain output

in desired system (refer to Ephemeris Generator Program, Reference 4).

INPUT
KBODY = Number of hody for which output is desired
. DAJUL = Time of desired output, input i.n days since epoch 1950.0
KPRNT = Debug print flag
OUTPUT
R = Vector position of body
\Y = Vector velocity of body

SUBROUTINES USED

BMRC, BVNUS, BSUN, BMRS, BJPT, BSTR, EGSIN, RVCMP, DTTEQ

4-8
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LTSHAD Subroutine - Figure 4-5

PURPOSE
ITSHAD subroutine refines the computed intersection of the trajectory conic and the
shadow ~one by forcing, through iteration, the distance of the vehicle from the center

of the shadow cone to compare with the radius of the cone.

COMPUTATION SEQUENCE

a. Compute orbital elements of trajectory,

b, Cuiupute :ntersection of trajectorv and shadow cone, based on a specified angle
(3) from the trajectory's closest approach to the center of the cone.

¢.  Compare radius of cone with the vehicle's distance from center of cone to form
miss.

d: Correct B and repeat steps b through d until miss goes to zero.

INPUT

RO = Position - injection into orbit

VO = Velocity - injection into orbit

GM = Muass of planet times gravitational constant
BETA = Angle from injection to center of shadow

RS = Radius of planet

URSUN = Unit vector position of planet relative to sun
TANALF = Tangent of shadow conc angle

KPRNT © Debug print flag (four or greater for print)
ouTPUT

R = Positicn at edge of shadow

v = Velocity at edge of shadow

TIME = Time at edée of shadow I
NOSOL ' Nu solution tlag; zero is no solution

SUBROUTINES USED

- ORBET, AIMD '
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INTRP Subroutine - Vigure 4-6
PURPOSE

INTRP subroutine interpokates for shadow entry and exit positions.

COMPUTATIONAL SEQUENCE

a. Compute radius of shadow cone, B.

I, Form the miss by comparing the vehicle's distance from the center of the shadow
cone with the radius of the cone SMISS = RC - B.

¢. Compute a correction in time, based on the computed miss.

d.  Interpolate for vehicle position and velocity, using the corrected time.

¢. Recompute the vehicle's distance from the center of the shadow cone and repeat

steps a.through e until the miss goes to zero.

RK - Position, N

VK -~ Velocity, N

RM - Position, N - 1

M - Velocity, N -1

DT - Time step

TFF - Time at position N

RSINTH ~ R SIN(THETA), distance {rom center of shadow cone

RSINTHL ~ R SIN(THETA) N -1
URSUN - Unit sun to central body vector

TANALF - Tangent of shadow cone angle

RS - Radius of ellipsoid (earth)

KPRNT - Three or greater for debug print
OuTPCT

T ‘ - Time of free {all at edge of shadow
RT - Position at edge of shadow

VT - Velocity at edge of shadow

SUBROUTINES USED

DELG
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LATLON Subroutine - Figure 4-7
PURDPOSE
LATLON subroutine computes latitude and longitude for a given unit position vector.

COMPUTATIONAL SEQUENCE

4. Compute latitude
-1 |- [T o
B - tan 1IR3/ 1R + 1R(2)

. Conipute longitude

sin(L) = |1X x 1R, |
cos (L) - 1R, - IX
ONER - TUlnit position vector
QUTPUT
FLONG -~ Longitude .
BLAT - latitude

SUBROUTINES UUSED - None
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Figure 47, LATLON Subroutine L
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. OBR Subroutine - figure 1-8 o

PURPOSE

OBR subroutine computes radius of ellipsoid based on semimajor and semiminor axes

and input latitude.

COMPUTATIONAL SEQUENCE

Compute radius of ellipsoid

ab

Rﬂ} 7

’ 2 2 2 2
\/‘r.) +(a -b)sin (2)

INPUT
A - Semimajor axis
B - Semiminor axis
. BLAT - Geocentric latitude
OUTPUT
|
1 RS ~ Radius of ellipsoid

SUBROUTINES USED - None

R S ab

; Ry =~ oo
ENTLR OBR S [ 9 2 2
SRR \/b “(a” - b") SIN (®],

Figure 4-8. OBR Subroutine
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ORBE L, Subroutine - Figure 4-9

PURPOSE

ORBEL subroatiie computes the orbital ¢lements a, p, and ¢ of the two-body trajector:

based on an input position and velocity (R and V),
: 0 0

COMPUTATIONAL SEQUENCE '

1, Compute R © V | h, and p.
¢ (9]

b,  Compute o,

¢.  Test for ~igniticance boss,

d. Classify orbit eliptic, syperbolie, neuarly parabolic, or nearly rectilinear).

Refer to Iwo o Body Program, Reference 2,

INPUT

ROVEC" - Iaput position vector

VOVEC -~ Input velocity vector

GM - Muss of body times gravitational constant
ouTpPut

AMAJR - semimajor axis

ECCN2 - Becenlricity squared

PLATR - Semilatus rectum

KOKB ~  blug specilving clussitication of orbit

SUBROUTINES USED

RVRDV, DECPT

.




( RVRDV \
— COMPUTE ‘ ]
ENTER RV |, R -V | | COMPUTE COMPUTE | '} COMPUTE

o 5" o o Np h2 . N v

ORHBE]L AND h PANDh e COS v, e SIt Vo

( DECPT ) 1
COMPUTE

SET . COMPUTE :
GGTST - srlcgr;xs(;fx:sc’rs o SF-zR e COM:( TE
10. < SIGTST [EST (SIGTST AND 1/a

‘ FOR i.a

SET COMPUTE
a=0 1
{(FOR TESTING 2= e
PUKPOSES)
. o COMPUTE I8
T1SF = (R IV |5 a = SIGTST
G, O
DECPT SET
COMPUTE KORB = 2
SIGNIFICANCE (HYPERBOLIC)
TEST (SIGTST)
FOR h?
SET
SET KORB = 1 SEEEEa—
KORB = ¢ (ELLIPTIC)
4 (NEARLY
RECTILINEAR)
SET
KURB - 3 >
NEARLY L 4
PARABOLIC, -
4
EXIT

[lgme 4-4%. ORPEL Subroutine

o1
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RT1950 Subrowutine - Figure 4-10
PURPOSL

RT 1950 subroutine traasiorms mput vector from mean cquiatorial coordinates of

1950, 0 1o true equatorial coordinates of date, and vice versa,

COMPUTATIONAL SEQUENCE

. Compute mitation in lengitude (Ae) and natation in obliguity (A€) and form muh
of rofation representing the transtorination from o mean to a true system,
Mutrian N,

L, Compute natrix ol trassformation representing change of epoch frow 1ot o (o
date. Muatrix 1A .

¢, Transform the inpat vector by applving matrix \ and mateix tA7. (Reter (o

N-Body Space Program, Reference 1))

INPUT

VEC - lnpuat vector

INVERT - sSwitech which determines if transtormation is from mean cquatorial -
ordinates of 19500 to true equatorial coordinates of data or vice vers:u

DAJUL < e in dalian days since JU50,0

ouree T ’

RVEL - Outpat vector

»

SUBROUTINLES USED  Nonc

'a
L
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. SHAD1 subroutine - Figure 4-11
PURPOSE
SHA DI subroutine computes the positions and times of a space vehicle's entry to, ol
exit from, the shadow cones caused by interfering bodies (used with N-Body Prows oo

COMPUTATIONAL SEQUENCE

a. Compute ephemeris of intecfering body relative to the sun.

..

“h.,  Compute radius of shadow cone

B = Ry - R - IRCS) an o

¢.  Compuie the vehicle's distance [rom the center of the shadow cone
R - IR»~1IR |
C ' (?s‘l

d.  Compare l{l, and B to determine if vehicle has crossed edge of shadow,

N

e. Interpolate for entry or exit puints,

INPUT
REM - Vehicle position
‘ VME - Vehicle velocity
TV - Time of free fall
DT - Time step
DAJUL -~ Time in days since 1950.0
KPRNT ~ Three or greater for debug print
KCYCLI - Integration cycle

KCBODY - Central body

OUTPCT

RT - DPosition at vdge of shadow
VT - Velocity at edge of shadow
T - Time of free fall at edge of shadow

ISHAD=0 - Coming into shadow
! ISHAD=1 Guing out of shadow

SUBROUTINES USED

| ‘ EGEN, RT1950, LATLON, OBR, INTRP

+
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. SHAD2 Subroutine - Figure 4-12
PURPOSE

SHAD2 subroutine computes the positions and times of a space vehicle's entry to, andd
exit from, the shadow cone caused by the central body where the trajectory is dofined

by a conic generated from an R and V of injection into orbit.

COMPUTATIONAL SEQUENCE

a. Compute the intersection of the shadow cone and the plane perpendicular to the
trajectory passing through the center of the shadow cone.
b. Compute the angle from injection to the center of the shadow in the trajectory

plane.

o

Form orbital elements of conic trajectory.

d. Compute position of vehicle's closest approach to th‘e center of the shadow cone.
e. Compute radius of shadow cone and the vehicle's distance from the center of the
shadow cone at its closest point.

f. Form the chord of the circle formed by slicing the shadow cone at the vehicle's

closext approach to the center of the cone.

g. Compute the angles from the vehicle's closest approach to the center of the conc
to the edge of the cone as defined by the chord of the slicing circle.
h. - Compute exact intersection through an iteration which zeroes out the remaining

miss from the ¢dge of the cone.




o SHAD? (continued)

RINJ -~ Injection position
VINg - Injection velocity
RSUN - Position of planet relative to the sun
GM - Mass of planet times gravitational constant
RS - Radius of planet
KPRNT - Debug print flag (fohr or greater for print)
TMSHD - Time from injection to center of shadow used to update ephemeris com-
putation. (f TMSHD is zero, there is no shadow.)
1IBOD - Body causing shadow (1 = earth, 2 = moon)
ouTPUT
REX - Position exit from shadow
‘ VEX - Velocity exit from shadow ‘
TEX - Time of exit from shadow (in seconds from injection into orbit)
REN - Position entry into shadow
VEN - Velocity entry into shadow
TEN - Time of entry into shadow (in scconds from injection into orbit)

NOSOL - No solution flag, zcro is no solution

SUBROUTINES USED

VANGLE; ORBEL, AIMP, AZGAM, ITSHAD
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VANGLE Subroutine - Figure 4-13
PURPOSE
VANGLE subroutine computes the angle between two vectors.

COMPUTATIONAL SEQUENCE

a. Compute sine and cosine of angle‘ based on vector dot and vector cross.

b. Compute angle from sine and cosine.

INPUT

R1 - Vector 1
R2 - Vector 2
OUTPUT

ANG - Angle

SUBROUTINES USED

ANGLE

1-26




GD|C-BTD65-041

ENTER
VANGLE

COS (A) TV 1—-@
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SIN (A) -
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A = ANGLE (SIN(A). COS(A))

Figure 4-13. VANGLE Subroutine
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APPENDIN A

GLOSSARY

semlimajor axis of carth

semiminor axis of earth

radius of shadow cone

oblate gruvity constant

mass of central body times gravitational constant
acceleration due to gravity

time derivative of uccelération due to gravity
angular momentum vector

vehicle position vector

position - injection into orbit

vehigle's distance trom center of shadow

radius of the central body

vector position of central body relative to the sun
intersection of trajectory plune and the plane perpendicular to
the teujectory through the center of the shadow cone
pusition at edge of shadow

radius ol sun

time of free fall

vehicle veloeity vector

vector veloerty of central Lody relative to sun
injection veloeity .

velocity at edge o1 shadow

shadow cone angle

angle from f{\ Cto eidge of shadow
time step

fatitude

carth's rotation vector
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APPENDIX B

PROGRAM LISTING




*
C

(s Xa!

AIMP

13

14

17
200

24%
%59%

1000
250
251
256
287
260
100

12l
35
75

600

145

289

292

292

15
20
T

FORTRAN
ROUTINE
COMPUTES POSITION AND VELOCITY FOR SPECIFIED ANGLEI(DELTV)
CALLING SFQUENCF
SUBROUTINE AIMP (KPRNT KORB1 4DELTVROVECVOVEC,GM]I ¢ AMAUR JECCHN2,
#PLATRIRIVECIVIVEC s TIME [ IMPCT JNREVS)
DIMENSION ROVEC ()4 VOVEC () RIVEC()eVIVEC(3)
NREVS=0
IMPCT=y
DELV=DELTYV '
IF(DELTV)1 .88
CONT INUF
DELTVY=-DELTV
N0 2 J=143
VOVEC (J)==VOVEC (J) |
XORRz=KORA Y
FCCENZSARTF (FCON2) .
Catl RVRDV(ROVFCVOVEC JROMAG,VOMAGRODVO +HYAG) .
KPRNT] ek PRNT + 1 '
CALL RIDEV(ROMAGR0DVOGMIPLATR,DELTVRIMAG IMPCT)
IFIIMPCT 1289+2B914
Catl FGDEV(ROMAGRODVOIGMI +PLATRRIMAGDELTV+EFFGEEFPRIMGPRIM)
CALL RIVI(ROVEC ¢ VOVECEFF (GEZ«FPRIMGPRIMRIVECIVIVEC)
GO TO{168%.202+¢200475)¢+K0ORB
CALL CPDELV(KORBIMPCT ROMAGsRUDVOIGMI +ECCENPLATRIRIMAGVSUBO
*DyV)
VSUB=VeURO+DELTY
1F(3,1415327-A8SF(VSUBI1)245:250.250
wOT 6,595
FORMAT (77H TRUE ANOMALY GREATER THAN Pl RADIANS ON NEARLY PARABOLI
#C OR HYPRFRAOLIC ORAIT)
IMPCT=2N
50 Yo 2AQ
IF(KORB=-2)14%,145,2%]
IF {RDDV0 125641004100
IF(DELTVY+VSUBO)I1004100.257
IF(DELTV+2.#VvSUR0)I2604100,100
IMPCY =2
CALL RCOMP(IMPCT ROMAGRIMAGECCN2PLATRIND)
IFCIND=2 180475475
CONTINUF
Call, TRPAR(XPRNT +ROMAGRODVO«GMI JECCN2/PLATR«RIMAGEFF+FPRIMIGEE
RGPRIMJTIME] (IMPCT)
GO TO 280
CONT INUF
wOT 6.600
FORMAT ({36H RECTILINEAR CASE ‘IN DELTA V OPTION}
ENERGYSVOMAGH#2 /D ,-GM] /ROMAG
CALL DEBRE (ENRGY 1 0+RIMAGEFF +GEEFPRIMIGPRIM)
GO TO 1000
CALL TRELH(KSPAINT sROMAG+RODVO+GM] s AMAUR R IMAG«KORAEFF +FPRIMIGEE «
#CGPRIM ECCENNREVS NELTVTIMETL L IMPCT)
CONTINUF
IF(DELV)IZP92,.294,29a
DELTVaDFLY
NO 297 =141
VIVEC(Uy==VIVEC (U
VOVEC (J)==vOVvEC (J)
TIMEl =T [ME]
CONTINUF
IF(KPRNT IS 22,16

GO TO(25425420.20420 ) o KPRNT

CALL PAIMP(DELTVWRIVECWWIVECTIMEL)
ReETURN

NN
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* FORTRAN
CA2GAM ROUTINE
COMPUTES GAMMA AND AZIMUTH FOR UNIT POSITION AND VELOCITY VECTORS
NOMENCL ATURE
ONER - UNLT POSITION VECTOR
ONEV - UNIT VELOCITY VECTOR
AZMUTH = AZIMUTH
CAMMA . GAMMA
SUBROUT INF AZGAMIOUNERCONEV ¢ AZMUTH (GAMMA )
DIMENS I ON ONER(3)-0NEV(3).ONEE(E)-ONEU(S).ONEVP(S)vONEZ(3)
GAMMA= vDOT (ONER ONEV(3)
GAMMAS AS I NF (GAMMA)
ONEZ (1)=0. y
ONEZ (2130 M
ONEZ(3)=1,
CALL VCRS(ONEZ, ONER,ONEE)
CALL UNIT(ONEE ,ONFF,3)
CALL VCRS (ONER,ONEE +ONEU)
VEsyDOT (ONE YV ONFE,, V)
ViUEVDOT (ONEV«ONEU. 3)
NC & Ix=1,1
5 ONEVP(])=VE®ONFE (T ) +VU*ONEU(])
CALL UNIT(ONEVP ONFEVP+3)
COSA=VDOT(0NSVP-ONEE.3)
SGN=yvDOT (ONEVP ,ONEU +3)
CALL VCRS(ONEVP ,ONEE ,ONEVP)
SINA=ZMAGF (ONEVYP 3
SINA=SIGNF (SINA,.SGN)
AZMUTH=ANGLE (SINA,COSA)
RFE TURN
FND

N OoOOOOOn

*

LIST 8
» FORTRAN
KRa INPUT POSITION VECTOR
wEls EARTHS ROTATICON RATE
Coe OBLATE FARTH CONSTANT
RO= POSITION-INJECTION INTO OR8IT
PH1z= GEOCENTRIC LATITUDR
v INPUT VFLOCITY VFCTOR
GM= MASS OF CENTRAL RODY TIMES GRAVITATIONAL CONSTANT
SUBROUTINE DELG (WET R sV +GMeC24C3+CaAR0O. Gs GD)
DIMENSION R{3) VI eUWFRI(3)+G(3)eGD(I)
5 RMAG=MAGF (R413)
Q?:DMAGQ!?
25 RIzRMAG#*Q?2
ROCTVaVvDOT(RsV3)
CALL UNITIWEI UWEL +3)
UWOVEVDOT{UWET e Va3
COSTHeVDOT (UWE] +Re3)/RMAG
COSTH2=COSTH##2
RO2=RO*RO
FN2-C24RN2 /N2
NDP=ENRRMAGRHCOSTH
Qz-FNR# (S #COSTH2~14)/2s
DPDaUwlV#EN~2 , #EN/QMAGRRDOTY®COSTH
QAD=EN/RMAGY¥ { (106 2COSTH2~1 o ) #RDOTV/RMAG-S 4 #WDV*COSTH)
DO 100 I=1,1 '
G(l)e=GM/R3I*((1«-3)¥R(11-DPHUWEI (1))
100 GOl )=GM/RIN((QG-1e )18V )1 -2 #DOTVH*RMAG/GM#G (1) +RI1IAQD+ DPD#*UWEL
1¢1))
500 RETURN
END

noadaaan




* LIST B
* FORTRAN
CEGEN SCOLAR SYSTEM MODEL
SUBROUT INE EGEN(NS+DAYS R« VIKRPRNT)
DIMENSION RRI{Z)R(3I«VRI3)eVIZI)aT(2)DAYS(2)
D T=DAYS - 2652
GO TO(341¢2¢34¢86:+10s4:5¢6)NB
as CALL FXIT

1 CALL BMRC{T«AMNCEJCA«W«CN+Cl+PM)
GO TO 11

2 CALL BVNS(T+AMN«CEJCA+WCNIClsPM)
GO 1O 111

3 CALL BSUN(TWAMNCECA+WsCNClPM)
GO0 TO 11

4 CALL BMRS(T+AMNWCECA«W+CN4ClPM)
GO TO 11

5 CALL BUPTU(T+AMNCEWCAWWICNCIPM)
GO TO 1t

6 CALL BSTRI(T+AMNICELCAsW«CNCl PM)
GO TO 11

11 CALL RVCMP (AMNJCE¢sCA+WICNICl «PMRRJWVR)
GO TO (>

10 CALL FGOIN(TRR.VR)}
12 DaT+3934 .0
". CALL DTTEQ(D«RR+VRRWV)
IF(NB=-4)13,44,7
a4 DO 4% U=1,3
R(J)y==R( D)
45 ViJI==v(J)
a3 CONT INUFE
IF(NB-6) 8B,77.88
77 NO 78 J=1.7
R(JI=R(J)/27824 4374
78 V(JI=v(J) /218483671
88 DO B9 U=t
R(JISR(JII*1494707 34
a9 VIJISY(JIR]IT30.6177
DAYQO=nAYS
IF(KPRNT=8) 55:66.66
66 WOT 6.S00.DAYONBRWV
S00 FORMAT (14H DAYS«BODY«RIV/E15¢B¢8X e 125X ¢3E1568:¢5Xe3E158)
55 CONT INUE
RETURN
END

B-4
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* FORTRAN
CITSHAD ROUTINE -I1TERATES FOR SHADOwW ENTRY AND EXIT POINTS

NOSOL= NO SOLUTION FLAG <~ZERO IS NO SOLUTION (OUTPUT)
KPRNT= DERBUG PRINT FLAG (4 OR GREATER FOR PRINT )
SUBROUTINE [TSHAD( ROWWOIGMBETARSURSUNWTANALF s ReVeTIME 'NOSOL
1 xXPRNT)
DIMENSION RRCRS(3)
TOL= 1 +E-4
I1TER=0
DBEYA = BETA /10.
CALL ORBEL (RO+WO. GM,AEP,KORB)
DO 4% Jni .,
DO 23 1=145
ITER=ITER+! ]
CALL AIMP (RO+WO,KORBs BETA,GM, A,E,sy P, R¢VINREVSs NOSOLs TIME }
IF (NOSOL) 74647
6 WOT 64 =15
S15 FORMAT ( 22H NO SOLUTION FROM AIMP )
GO TO 125%
7 CONTINUE
Bs RS-vDOT (R«URSUN3)*TANALF
CALL VCRS (Rs URSUNWRRCRS )
RSINTH = MAGF (RRCRS+3)
SMISSs R-RSINTH
IF (KPRNT=-4) B.522.522
S22 WOT 6. 525 SMISS, BFTA
5295 FORMAT ( // 12H SMISS.BETA= 2F15.8)
B IF (ARSF(SMISS/R)~-TOL) 125,125.9
9 IF (ITER-1) 13.17,13
13 DBETAz DBETA /(RSINTH-RSINT1) # SMISS
17 BETAs BETA + DRETA
RSINT!= RSINTH
2% CONTINUE
TOL= TOL#1Q0s
45 CONTINUE
NOSOL =1
WOT &6, 5135
S3% FORMAT ( 34H NO SOLUTION FROM SHADOW ITERATION )
125 CONTINUFE
RETURN
FND

C RO = POSITION ~INJECTION INTO ORBIT

C VO = VELOCITY -INJECTION NTO ORSBIT

C GM = MASS OF PLANET TIMES GRAVe CONST.

C BETAs ANGLE FROM INJECTION TO CENTER OF SHADOW
C RS = RADIUS OF PLANET

C URSUN = UNIT VECTOR POSITION OF PLANET RELATIVE TO SUN
C  TANALF= TANGENT OF SHADOW CONE ANGLE

C R = POSITION AT EDGE OF SHADOW (QUTPUT)
C Vv = VELOCITY AT EDGE OF SHADOW (OUTPUT)
C TIME= TIME AT EDGF OF SHANOW (OUTPUT)
c

c

¢

B-5
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INTRP
R =
VK=
Rw=
VM=
D=

LISY 8
FORTRAN

ROUT INE - INTERPOLATES FOR SHADOW ENTRY AND EXIT

POSITION (N) (INPUT)
VELOCITY (N) C INPUT)
POSITION (N=1) t INPUT)
VELOCITY (N=-1) tINPUT)
TIME sTFP (INPUT)

TFF= TIME AT POSITION N t INPUT)

RSINTHs RSIN(THETA) (INPUT)

RSINT1I= RSIN(THETA) N-1 CINPUT)

URSUN=®  UNIT SUN TO EARTH VECTOR tINPUT)

T=

TIME OF FREEFALL AT EDGE OF SHADOW (OUTPUT)

RT= POSITION AT EDGE OF SHADOW (QUTPUT)
vT= vELOCITY AT EDGE OF SHADOW (QUTPUT)
TANALF = TANGe OF SHADOW CONE ANGLE (INPUT)

RS

= RADIyUS OF ELLIPSOID (INPUT Y

KPRNTE 3 OR GREATER FOR DEBUG PRINT (INPUT )
SUBROUTINE INTRP ( RK VK RMsvMy DT, TFF, RSINTHRSINT! UISUNT.

25

28

33
3s

3%

IRTs VTs TANALF ,RS,KPRNT, C2:GMRO)

POINTS

DIMENSION RK(3) v {3)e RMI3)oVMI3)y RT(I) VT (3)sURSUNI3)}RRCRS (D)

DIMENSION WEI (3).AG(3)+AGD(3),AG1 (3)+AGD1 (3)
WEI (11=0.

WEl1(2)=0.

WFI(3)=1,

TOL= 1E-2

OYT=DT

TuPsS=0

T=TFF

H =T

HiKK 2 3 i #1145

HIK 3= HK 2 # MiK

00 25 1=1.3

RT(11=RK (])

VI (l)y=vK (1)

CALL DELG (WEIRM¢vM GM4C2:C3:.Ca,RO«AGWAGD )
CALL DELG (WEI«RT+VT+GOMeC2+C3+C4¢ROVAGL 4AGDY)
DO 65 11=1.3

DN 88 JJ=1410

Bz RS- VDOT(RYT, URSYNI)* TANALF
SMicCe RSINTH-R

IF (VDOT(RTJURSUN3)) 28.+33,33
DTYT=z ~ARSF(NTT)/2

[uPS=t

6N TO 3I9

IF (ABSF(SM1SS)~TOL) 800.500.4.35
CONT INUF

DYT=2-SMISS#DTT /(RSINTH-RSINT1)
T=T+0TT

PUS (T~TFF+DT)I /DT

PU2=P P Y

PJ3=zP j2%PJ

Poa=pP J3upy

PiMas (1. ~PJ)#4a

Pwir2z (PU~1)%(PJU-1s)

PvlAz (D=1, )#OM12

PIMAAR (] P J)ERT

NO S0 I=s1.3

CONTINUED

TP
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RYCI)3PIMAR(1448e%PU100¥PUR+20, 2P U ARM (1) +PIRPIMA¥ (] .44, #P1+10, ¥
TPUZIHHK R M ([ ) +PUZRP I MAR (1 ¢ +8 %P J) /2 « RHK2#AG (] ) +P U3HPI1ME 76 #HKI#AGD
2C114PJA% (1484 % (PU—]1 o141 0 ¥PMI2~20D #PMI3I®RK (1 14PJG % (PU~] o=, #PM]
3241 0e#PMIAJHHKEYK ([ I4PJSGH (PMI2-348PM]3) /2, #HK2HAGL (1)+PJA#PMII /6,
ARHKIRAGNY (1)

S0 VY (1)=PIM38 (] o430 #PU4E*P U2 )18 YM( 1 )+DUMPIMIN (| e +3e#PJ)EHKSAG(] }+P
1U2/2e #PIMIRNK2HAGCD (1 14PUI® (1 4-3. 0 (PU-1+)146.4PM|2)0%yK (1 1+PJAR(PI-1
2e-34PMI2 )1 #HKBAGE (1) +PUIRPMI2 /2 #HK2#AGD] (1)

IF (lyPg)y AR B, BR
B8 RGINTI= DSINTH
a8 11,Ps=n

CALL VCRS | (RTURSUNs RRCRS
RSINTH = MAGF (RRCRS+3 )
IF(KPRNT~3)5%,51 +51
81 CONTINUE
WOT 64 S2,RTT.3MICS
52 FORMAT ( 6M RT Tz 4E1%+8¢ 6HSMISSx E1%e8 )
-1 CONT I NUE
6% TOLSTOL#*1Ne *
lT=2
500 RFTURN
FND

FORTRAN

CLATLON ROUTINF

C

C
C
C
C

AOONON %

COMPUTES LATITUDE AND LONGITUDE FOR A GIVEN UNIT POSITION VECTOR
NOMENCL ATURE

ONER - UNIT POSITION VECTOR

ALAT - LATITUDF

FLONG - LONGITUNF

SUBROUTY INE LATLON(ONER.BLAT.FLONG)
DIMENSION ONER(3)sONEX(3) JONEULI) ONERP {3)
ONEX(1)%1s

ONEX (2)=0,

ONEX(3)=0,

ONERP (1 )sONERQ (1Y)

ONERP (2)=ONER(2)

ONERP (1)=22.

TANLTSONFR (33 /SOCRTF(ONER(1)%*2+0ONER(2)%##2)
BLAT=ATANF (TANLT)

CALL UNIT(CNERP ,ONERP .3}

CALL VCRSE(ONFX ¢ONERP ¢ ONFL )

SINLON =MAGF (ONEU.3)
SINLONES IGNF (SINLONCONEU())

COSLON=VDOT (ONERPONEX+3)

FLONG=ANGLE (SINLON+COSLONY

RE TURN
END
FORTRAN
08R ROUTINE —COMPUTES RADIUS OF ELLIPSOID BASED ON SEMIMAJOR AND
SEMIMINOR AxES AND INOPUT LATITUDE
A=zSEMIMAJOR AXES (INPUT)
BeSEMIMINGR AXES ( INPUT)

BLAT= GEQCENTRIC LATITUDE (INPUT)
RS= RADIUS OF ELLIPSOID (CUTPUT)
SUBROUTINE 0ORR (A.,8. BLAT, RS )
Rex ARB/QOQRTF (BRA24 (ARRD-Ba#2 )%  SINF (S AT)#R2)
RFTURN
NN
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‘ * FORTRAN

CORBEL" ROUTINE

C COMPUTES SEMI-MAJOR AXISECCENTRICITYSSEMI-LLATUS RECTUM,

Cc AND TyYyPFE OF ORBIT

c KORB 1S INDICATOR FOR TYPE OF ORBIT COMPUTATION

c IF KORBa 1 (ELLIPTICAL )+ 2(RYPERBOLIC)+3(PARABOLIC)A(RECTILINEAR)

SUBROUTINE ORBEL (RABODROVEC,VOVECGMI s AMAUR (ECCN2+PLATR +KORB
#CPRNT)
DIMENSION ROVEZ (3)VOVEC (3
CALL RyRNDV(ROVFCVOVEC ROMAG , VvOMAG (RODVDO +HMAG)
HMAG2=HMAN®##D
PLATR=HMAG2 /6GM]
FCSVOz (PLATR-ROMAG Y /ROMAG
ESNvOsHMAGRRODVO/ (ROMAGHEGM] )
ECCN2=FOSVORRZ2LFSNYO#ND
ECCEN=SORTF (ECCNZ)
SIGFAC=z2, /ROMAG
O1DAeg IGFAC—yOMAGR#2 /M
CALL DECPT(SIGFAC,S1GTST)
SIGTET=CIGTATHI D,
[F(RPRVUT-5)5,19,19 .
19 WOT 64 300.01NASIGFACQIGTST
300 FORMAT (14am 1 /8MA URZF1S5eB, x4, 16HS1Ge FAC S (2/ROVZEIS«8,3x,
*#10HSIGe TFST=E1S,8)
S 1F(01DA)Y15,17415

C IF 01DA=z0+SET AMAUR=0 FOR TESTING TO INDICATE AMAJUR 15 VERY LARGE
10 AMA 1R=060
GO 10 20
15 AMA JR=14,/01DA
‘ C TEST O1DA AGAINST SIGTST TO SEE THAT NO MORE THAN | OIGIT wWlLL BE LOsT
C BY DIFFERENCINGe IF NOT.O1DA CAN BE COMPUTED SIGNIFICANTLY.
¢ SFT KORR=z] NR 2

S0 IF(ABSF(0O1NA)=SIGTST)IZ20:+52,52
22 JF (AMAJR ISR 82,60
858 KORAz2

6N TN 7=
20 SIGFAC= (ROMAGE¥VQOMAG)#%D2

CALL DFCPT(SIGFACSIGTST)

IF (HMAG2-CIGTST)IB 440440
80 KORB=za

GO TO 78
40 KNRA=1 '

GO TO 78
60 KORR=)
75 CONTINUF

IF(XPRNT 22,110,271
23 CALL PRTZB(KPRNT+KORRWROVECVOVEC+GMI ¢ AMAURECCENWPLATR)

GO TO(30430+430425.25) 1 KPRNT
25 WOT 6¢301+HMAG24+SIGFACSIGTST
301 FORMAT(]14H HMAG2ZE 15¢843X420HS[Ge FAC(RORVO)I##2=FE15,843X,

*10HSIGe TEST=E1548)
30 CONTINUE

RE TURN

END
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CRTIPSO TRANSFORMATION FROW wEan

1F

1F

cNsEsNeNeNsNaNolNaNel

10
22
29
%0
650
70
80
G0
1N
110

200
210
720
230
2%0

72002V I3IOC0O00

AG0
310
12N
n 230
240
D 380
3gn
a7o
380

400
a1c
N azn
470
D oa4an
as0
a60

INVERT®CeeeaUN
lNVERT'}lC.lVN

DA UL

. .

GD]C-BTDE5-041

FORTRAN

FORTRAN CABLL ING SEQUENCE

CALL RTIOSO (VN INVERT.DAUUL 4 vO)
NOTF s

t1)
(2)
s
Is
18
15
oF

VECTOR
VECTOR
VECTOR IN
vECTOR 1IN
DAYS FROM

sseevO IN

veosVD

15 NePy NOo JAN

DIMENSION VN(31.VOI(3)eDAJUL (2)

1980 70

TRUE DATE AND VICE VERSA(DePs:

THE TRANSFORMATION EMPLOGYS DOUBLE PRECISION ARITHMETIC
LOCATIONS VN AND VO ARE SINGLE PRECISIONee«sCAN BE

IDENTICAL

IN MEAN EQUATOR AND EQUINOX SYSTEM(195C)
TRUE EQUATOR AND EQUINCX SYSTEM(DATE)
TRUE EQUATOR AND EQUINOX SYSTEMI(DATE)
MEAN EQUATOR AND EQUINOX SYSTEM{19%0)

141950 TO DATE(INTEGER+FRACTION)
SUBROUTINE RTIISCIVYNI INVERT DAJUL +VO)

DIMENSION EN{3¢3)¢A(3¢314ENA(Be3)1+4T (1 }+DUN(3)«DVO(I)

no 20 12343

OUNCL yavN(T)

D=DAJUL+4DAJUL (2)

IF {ABSF{D-DSN1I=0411202¢6C4+60
DSNeD

IMAT =)

CalL NUTE

SINFeg [NF (FP])

COSF=C0SF (FPR)

EN(1+]11m)e

EN(241 )2 4NPS#COSE

FN(3.1)e+DDS]#SINF

EN(] ¢2)2=-NPS]#CORE

EN(2:2)21,

EN{(3,2)*+DEPS

EN(14+23)3-DPSI#SINE

EN(24+3)=-DEPS

EN{D, =1,

IF (ABSF(D-DcAI=~0.01562%)
neA=n

ImaT®e]

T=DAJUL /3652549

(DAJUL «DFPSDPS1FPS)

300,210.210

A(141)15) ¢=e 2369 TE-RTRT=, | IE-ERTHR]
A(]42)2=002230088 876 76E-STHT 4,22 |E-S#THE3

A(241)=2=8(1,42)

A(143)2=000971711%T+,207E~SH#THT+.96E-E#TRRT

A(3.1)=-A(143}

A(242)12] a=el4FTEE-RTRHRT—, | EE-LHTEST
A(243)E- ¢ | OBSGE-3#THT= e IE-T7HTR#3

A(3,2)%4+8(2,2)

A{3,2)3] ¢-edT21E=ARTRT4+e2E~T7HT#81]

17 (1Imar)
[o]e) 38¢
no T
ENA(lJ)=Ns

[ale) 38n

310,400,710
121,73
Jxi 3

<=1,

ENACL ¢UISENA(T L JI+FNIT W KYRB (K, J)

CONT I NUE
CONT INUE
CONT INUFE
{MAT=0

1IF (INVERT)
oo 460
vl yen,
DO 450 Jz1,43

NyO (T 1=NYC (I I4FNA (T D) #DyNT)
CANT I NLIF

CONTY [N JF

G0 TO 600

S00.4104500
fa1.3

CONTINUED

300
D %10
520
DS3cC
sS40
8580
[SXals}
610

DO 3%0
DyO(1)=0,
no =40 Jz1,3

DVO (1) eDVO(TI+ENA (U T 1 #DVYNT L)
CONTINUE

CONTINUE

Do /10 121,23

votly=Dvo(!)

RFETURN

ND

1=1,3
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DO0N

DOD

laNeNe)

OO

tOuUTPLT )
(OUTRUT )

13
IgHen=0 MEANS COMING INTO SHADCw,. [8HADE] MFANS COMING TUT OF SHETT L U Y

GMyax )

SHAD ¢ KERNT o KO v

REC3 ) v VRUNLI ), RMOON( D)
VT3 .yMEL3)

RSINTH, SINTL JURSUNY

EOZTRAN
SHAMNY ROUTINFE - COMDUTFS SHADCW ENTRY AmD EXIT POINTS
USED WITH N-RNNY BRAGRAM
RFEMa VEH]TLE POSITION (INPUT)
VHE= VEHICLE yFLOCITY (INPUT)
TFF= YTIME OF FREEFALL (INPUT Y
DTa TIME STYERP (INPUT)
DAJUL= TIME IN favsS SINCE 1950.0 (INPUT,
RTa PUSiTICON AY ELGE OF SHADOY
VTa vELOCITY &Y EDGE OF SHADOW
T=  TIME OF FRIEFALL AT ECGE 0F eHanOw
KERiNT= 2 OR GREATER FOR HFEBOG B INT
KCYCL - INTEGRATIAN CyrLE
ROy = CENTLAL RANDY
SUBRIUT INE SHAO}(QEM.VME.YFF.D?.D&JUL.QT‘VT'Tc!
IKTRAINDY , 02, Gw)
CIMENSION WsuN(B).uQSUN(B).QEN<1>.R~C
DIMENSTON REMI(3) o vMEL (3 4T (3,
CauLi EGEN 18 e DAJUL ¢ REUNY vEIN  KPENT )
Ax=6378,16%
Bx=&s188, 78177
IF (KCRGNY-6) B.5,.,8
S CALL EGEN {&:DAJUL , RMOTM, VSN,
no 2 l'l «3
7 RSUNITIERSUN(T) + 2MAON{] )
AXE[ 7R, 0875
Rx=z=1738,n%75
F?:Q‘n
8 CNANYINUE
TANALF z/9SK21 473 , MAGF (RSUN3)
CALL UNIT (REUNGURSUNG 2}
CALL wCRe (REM,Ra N, ARCRY )Y
REInNTHE MAGF (30RCRS,3)
CAll YORGURSUNGRRIRE ,RRORS )
Caiy o7 1990 (RICRS 4 T DAJIL (RINCREG )
CALL LATLONI(ARCRS BLATFLON)
CALL NAR(Ax, A% ,BLAT.RS)
Ar QG yOOTIIEM  URSUNLT) ¥ TANA
HOOTRS = VODT IREMGRSUN S 2
LF (ePRKNY-3y30 80 yarm
A0 CONTINUE
wOT 6, 105, RSINTH,B,RDOTNE
1085 FORMAY (//17H RSINTH(B,RDOTRS=
3N SMISS =RSINTH -8 '
I (RPOTRS) 2121425
21 SMIS&=1t,
2% CONT INuUFE
IFAKOYr~1)18%,12415
12 evlccia aMm o
18 CONT I F
1F (S“ISS) AR, 7/ 45
3% IF (SMISG1 a8, TS T8
4% 1F (SMISS1y73,78,98
TS CONTINUF
CALL INTRP | REMWME, REM] ,yMEL,
17T QT.VT. TANALF-QQSQ"DQNTOCZQ
IF (sMlcgyy T77.79,79
CONTINUED
B-10
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C
c
C

77

79
81

8a

200
205

218
210
310
308
1

8s
9s

97

18
29

GD{C-BTD65-041

[SHAD=]

GO TO R"

I HAD=D

CONT I NUF \

T2T/3600 ’

1F(KPRNT-2)9%,84 .84

CONTINUE

IF (1sHAD)I218,200,21%

woT 6,20%

FORMAT { // Sax,14H ENTER SHADOW )

GO 10O 31n .

woOT 6,210 .

FORMAT ( // B5X+13H EXIT SHADOW }

worT 6,30%

FORMAT ( ,20x+81H POSITION AND VELOCITY IN KM-KM/SEC
19%0¢0) TIME FROM [INJUe IN HOURS )

WOT 6,8%5,RT,.VT.T

FORMAT ( /3H R= 3E19%¢8¢ 3H Vve3E1%e8¢ 3H TuE1%.8 )

CONT INUE '

SMISSl= sMISs

RSINTI= RSINTH

DO 97 I=1,3

REML (11=REM( 1)

VMEL ()= yME(1])

RE TURN
END
FORQTRAN .
CVANGLE RCUTINE - COMPUTES THE ANGLE BETWEEN TwO VECTORS
R1 - INPUT VECTOR 1
R2 - INPUY VECTOR 2
ANG - QUTPUT ANGLE

SUBROUTINE VANGLE (R1+R2+ANG)
DIMENSINON R1(3)+R2(3)+RCROSS(3)
RIMAGEMAGF (R1.473)

R2MAG=MAGF (R2,3)

COSAs YNOT(R]+R2+3)/(RIMAGHRIPMAG)
CALL VCRS(R14+R2.RCROSS)

SINA=z MAGF (RCROSS3)1/(RIMAGR*R2MAG)
IF (RCROSS(3))1542%+25
SINA=-SINA

CONT INUE

ANG=ANGLE(SINA,COSA)

RETURN

(=8 Via]
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FORTRAN

CSHAR2 ROUTINE

L0000 OONO00000

COMPUTES ENTRY TO AND EXIT FROM SHADOWGIVEN R AND V OF INJECTION INTO ORBIT
NOTE -~ REQUIERS TwO PASSES THROUGH SUBROUTINE WwiTH EPHEMERIS UPDATED B8Y TMSHD
RINJ = INJECTION POSITION M

VINJ = INJECTION VvELOCITY

RSUN = POSITION OF PLANEY RELATIVE TO SUN

URSUNE® UNLIT VECTOR POSITION OF PLANET RELATIVE TO SUN

GM™ a2 MASS OF PLANET TIMES GRAvVe CONST.

RS = RANIUS OF PLANFT

REX = POSITION Ex1T FROM SHADOW (OUTPUT)

VEX = VELOCITY EXIT FROM SHADOW TOUTPUT)

TEX = TIME OF ExIT FROM SHADOW -IN SECs FROM INJe INTO ORBIT (OQUTPUT)
REN = POSITION ENTRY INTO SHADOW (OUTPUT)

VEN = vELOCITY ENTRY INTO SHADOW (QUTPUT)

TEN = TIME OF ENTRY INTO SHADOW =~ IN SECe FROM INJe INTO ORBIT (OUTPUT)

NCSOL ®NC SOLUTION FLAG -ZERO 1S NO SOLUTION (OUTPUT)
XPRNT =2 DEBG FPRINT FLAG (4 OR GREATER FOR PRINT)
TMSHD = TIME FROM INJECTION TO CENTER OF SHADOW —~USED TO UPDATE EPHEMERIS
COMPUTATION (IF TMSHD 1S ZERO THERE 1S NO SHADOW)
JAROD = BODY CAUSING sHANOW (1 =EARTH, 2aMOON)}
SUBROUTINE SHANZ ( RINJ. VINJ. RSUNs GMy RSy REX«VEX«TEXese REN,
IVENCTEN, NOSOL ,KRPRNT,TMSHD 1B00D)
DIMENSION ONEH(3), URSUN(3)I+ONEC(3)s RI3)4V(3)e REX(3)+VEX(3)s»
IREN(3),WEN(3) JURINJ(I)UVINI(I)
CALL VvCRS (RINJWWINJJONEH )
CALL UNIT (RSUNJURSUN3 )
CALL VCRS ( URSUNONEH,ONEC )
CALL UNIT ( ONEC.ONEC,.3)
CALL VORe ( ONEHM,ONEC, R
CALL VANGLE t RINJsR, DELV)
IF (ONEH{3)) S,7.,7
S DELv=E 628718 -DE Ly
7 CONTINUE
CALL ORBFEL (RINJsVINJe GM,AWF Py KORB )
IF (180D=~1) 122+115+122
115 CONTINUE :
IF DELV GREATER THAN 180 DEGe+TRAJe NOT IN SHADOW
IF (DELV-3.14159284 12+12+9
9 IF (DELV -5¢4977) 11411410
10 DFLV=DELV~6.2821853
GO YO 2
122 CONTINUF
IF DELY GREATER THAN Q0 DEGesTRAJe NOT IN SHADOW
1F (DELV — 1¢57079673) 1212411
11 TMSHN =0,
G YO s
12 CONTINYF .
FLY DELY FROM RINJ TO ONER +COMPUTE R
CALL AIMP (RINJWINUKORBDELVGMJAEs PRy Vo NREVS «NOSOL s TMSHD)
IF (IFG) 62:%2462
|2 IFG=y
GO TO 35

.62 1FG=n

CALL UNIT(R CURINJG3)
CALL UNIT(V JUVINUGD)
CALL AZGAM(URINJUVINI e AZ GAMMA )
TANALF =z 69562177 / MAGF (RSUN,3)




c

72

511
76

79

FLY BETA)

13
s15
14

17
1S
2=
35
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Bz RS— VDOT(RJURSUNsI) # TANALF
CALL VCRS(RWURSUNGONEC )

RC= MAGF (ONEC,3)

D= R#% SINF(ACQOSFI(RT/B))

IF (KPRNT- 4 ) 76,72,72

CONT INYUFE .

WOT 64511 DBRCDELY

FORMAT ( ,// 13H D.B4RCIDELV= 4E15.8)
CONT INUF

IF (RC-8) 7941111

CONT INUF

RMAG= MAGF (R+7)

ADD= D-=D#*COSF (GAMMA)

ADD= SIGNF (ADDGAMMA )
BETA1=~-ATANF ((D+ADD)/ RMAG)
BETAZ=ATANF ((D=ADD Y/ RMAG)

NO 25 1=1+2

INOSOL +KPRINT)
TEX=TMSHN+TEX

IF (KPRNT-4)14413413
WOT 618 REXGWVFEXGTEX
FORMAT (// 12H SHAD-R,y Tz TF15,8)
CONT I NUF

IF (1-1) 19+158,19
BETAI=RFTA2

TEN =TEX

DO 17 JU=1.3
REN(J)ZREX (U)
VEN(J)=VEX(J)

CONT INU®

CONTINUF

CONT INUFE

RETURN

Ll N1p}

WEX

AND BETA2 FROM R TO COMPUTE ENTRY AND EXIT POINTS
CaLL I TSHAD (ReVe GCM, BETA] (RS URSUN, TANALF REX

TE x

.
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